The aim of the study was to examine articles published on risk factors associated with early failure of dental implants. We conducted a search on PubMed for articles published between January 2000 and December 2009 using the keywords 'dental implants' and 'early failure'. Seven studies that specified the number of early failed implants and studied the associated risk factors were included. Early failures are caused by the inability of tissue to establish osseointegration prior to prosthetic restoration; however the causal factors and mechanisms are unclear. In the reviewed literature there was a higher percentage of early than late failures; nevertheless, few articles were found that analyzed risk factors associated with early implant failure. In the majority of studies, statistically significant factors associated with early implant failure were smoking, quantity and quality of bone, and posterior implant location. The low number of studies in the literature does not allow definitive conclusions to be drawn.
Introduction
Biological failure of implants can be defined as the inability of tissue to establish or maintain osseointegration. These failures are classified into early (failure to establish osseointegration) and late (failure to maintain osseointegration). One way to differentiate early and late failures is to define the early group as implants removed before prosthetic restoration, while those occurring after prosthetic rehabilitation are classified as late (1) . Early failures are characterized by minimal bone loss and predomination in female and younger patients. According to a study by Manor et al. (2) , the most common causes of late failures were periimplantitis, and implant overloading and fracture. However, the principal cause of early failure was the lack of osseointegration. Early failures are caused by the inability to establish a close contact between bone and implant (1) due to the absence of bone apposition and the formation of scar tissue between the surface of the implant and surrounding bone (3). Esposito et al. (1) noted that surgical trauma and bone quality and quantity were the most important etiological factors involved in early implant failures. In the majority of studies, success rates are calculated from the time of implant loading and full functionality, therefore little information is available on implant failures prior to loading (4) . Few studies (5) (6) (7) (8) (9) (10) (11) analyze early failure of implants and study the related risk factors. Other studies (12) (13) (14) (15) , specify the number of early and late failures, and indicate the risk factors related with the total number of failures. In these studies early failure rates vary from 1.2 to 3% and late failure rates from 0 to 1.8%, early failures being more frequent than late (12) (13) (14) (15) (16) (17) . The causes and mechanisms of early implant failure are unclear, different studies (5-11) have found a variety of statistically significant factors associated with early implant failure, these are: age and sex (11) , systemic diseases (8, 9) , smoking (5-7,9,10), type of edentulism (8, 9) , maxillary implant location (6) , quantity and quality of bone (5) (6) (7) (8) , and implant length and diameter (7, 8) . Immunological (4, 5) , and genetic factors (18) have also been associated with early implant failure. The aim of this study was to review the literature on risk factors associated with implant failure during the osseointegration period.
Search Methodology
The PubMed database was searched for studies published between January 2000 and December 2009 using the keywords 'dental implants' and 'early failure'. Studies that specified the number of early failed implants and studied the associated risk factors were included. Eight studies that did not specify the number of failed implants, five that did not associate specific risk factors with early failure, five studies where the full text could not be obtained, eight revisions, and two studies on animals were all excluded. A total of seven studies were included (5-11).
Risk factors associated with early implant failure
Studies that assess the risk factors associated with early failure of implants are shown in table 1 (5) (6) (7) (8) (9) (10) (11) . In most studies (6, (8) (9) (10) , age and sex are not related with early implant failure. Noguerol et al. (7) had more failures in patients aged 41-60 years than in patients aged over 60, indicating that older age is not contraindicative to implant treatment. Sverzut et al. (11) observed that the possibility for early failure of implants is increased by a factor of 1.0750 for each additional year in patient age. Regarding gender, these same authors found that men had a 1.255 times greater risk of early implant failure than women. The influence of systemic factors in the osseointegration process is poorly documented (6), 3 studies (6, 8, 9) were found that related systemic diseases with early implant failure. In a retrospective study, Alsaadi et al. (8) noted that Crohn's disease and osteoporosis were as- (6), chemotherapy and radiotherapy of oral tissues were significantly related to implant failure (p<0.01); and patients with claustrophobia had more failures as surgery was carried out under insufficiently sterile conditions. Regarding smoking, some studies (7,9,10) found significantly more failures in heavy smokers (> 20 cigarettes / day) than in nonsmokers; early failure of implants was related to smoking and increased with cigarette consumption (9). van Steenberghe et al. (6) found that approximately one in every three implant failures occurred in smokers, and one in five patients with early failures smoked over 10 cigarettes per day, while only 12.3% of patients without failures were smokers. Konstrom et al. (4) found an association with smoking although it was not the most important factor. In contrast, Sverzut et al. (11) did not observe any statistically significant association between smoking and early implant failures, concluding that smoking alone cannot be considered a risk factor for early failure of implants. Alsaadi et al. (8, 9) considered the type of edentulism to be a risk factor for implant failure, these authors classified implant failure according to the presence and location of natural teeth in the oral cavity and the relation to implant location: full edentulism, teeth present in the opposing arch, teeth in the same arch without being adjacent to the implant, and natural teeth adjacent to the implant; observing a significant increase in failures of implants placed adjacent to teeth. Regarding the implant location, three times more failures have been observed in the maxilla than the mandible (1). In a study by van Steenberghe et al. (6), approximately half the early failures occurred in the posterior maxilla. When comparing success rates, the posterior maxillary region had a success rate of 91.4% compared to the anterior maxillary region with 97%, 96.3% in the posterior mandible and 97.9% in the anterior mandible. Alsaadi et al. (8) found significantly more failures in the posterior region of both jaws compared to the anterior mandibular region. However, in a prospective study by Alsaadi et al. (9) , the implant site was not a significant factor in implant failure. Regarding bone quality and quantity, Konstrom et al. (5) observed a statistically significant difference in values for bone quality, shape and resorption between the osseointegrated implants group and the group with at least one failed implant, indicating increased risk in resorbed maxillae. In a study by Noguerol et al. (7), implants that were not placed in type II bone had a 1.93 times greater probability of early failure. In a study by Alsaadi et al. (8) , bone quality types I and IV according to the Lekholm and Zarb classification were associated with increased failure. van Steenberghe et al. (6) , observed that half the failures were in poor quality bone (types III-IV), and that bone of limited quantities showed a similar trend (p<0.01). Nevertheless, in a study by Alsaadi et al. (9), poor bone quality did not affect the percentage of early implant failures. Regarding implant dimensions, Alsaadi et al. (9) found more failures in short (<10 mm) and large diameter (5 mm) implants; these implants were placed systematically in compromised sites with poor bone quality and quantity, which may explain the high failure rates. Noguerol et al. (7) observed an increased risk of implant failure in implants less than 15 mm in length and over 4 mm in diameter. However, in a prospective study, Alsaadi et al. (8) found that implant length and diameter had no significant effect on early failure.
Other considerations, such as immunological factors (5) and the Periotest ® value (Siemens AG, Bensheim, Germany) (7, 8) have been associated with early implant failure. For Konstrom et al. (5) , the presence of antibodies to B. forsythus and S. aureus were the most important factors associated with early failure of implants. In a study by Noguerol et al. (7) , the Periotest ® value obtained during first surgery was the most effective method for prediction and early diagnosis of implant failure compared with intraoral radiography. Alsaadi et al. (8) observed more implant failures with increased Periotest ® values at the time of implant placement. Other factors such as the presence of apical lesions, hormone replacement therapy (9), bone grafting, alveolar distraction, and postoperative infection have also been associated with implant failure (11) .
Conclusion
The reviewed literature reveals a greater number of early than late failures; nevertheless, very few studies specify the risk factors associated with early implant failures. In the publications included in this study, smoking, posterior location of the implant, and bone quantity and quality were most related to implant failure. These findings are not definitive, since a larger number of studies that evaluate the various factors associated with implant failure are needed.
